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• Problem: Designs are not 
optimized  higher costs and 
failure to account for future 
scenarios
• Solution: Efficient optimization 
algorithm while considering long-
range uncertainty  identify 
flexible and robust design
Challenge to identify optimal 
design that depends on 
complex simulations and long-
range uncertainties
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Designing complex systems 
with many parameters requires
• Computationally expensive 
simulations
• Selecting both discrete and 
continuous design 
parameters
How to optimize design
• When future conditions 
may change?
• When system is used 
differently than expected?
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Problem Statement
• Forecast and simulate demand for energy for California for 
the next 20 years using times series analysis
• Increasing variance in future demand represents more 
uncertainty
• Simulate hybrid renewable energy system
• Optimize design variables using Bayesian optimization
Approach and Method
Results
Currently:
• We are optimizing design for hybrid renewable energy systems
• We are developing flexibility options for hybrid renewable 
energy system design
In future, we will investigate how:
• Option holder makes exercise decisions optimally
• To valuate real options with a Monte Carlo simulation
• To integrate flexibility and robustness with high-dimensional 
design optimization
Current State of Practice and Research
Optimal design of hybrid renewable energy systems
Determine capacity for solar, wind, batteries, fuel cells, electrolyzer, 
and hydrogen tank 
Unfulfilled demand satisfied with diesel generator
Minimize cost of the hybrid system over the next 20 years of 
operation
Case Study
Energy Flow of the Hybrid Renewable System 
Future Electricity Demand Simulation
Research Framework
(Sharafi, Masoud, and Tarek Y. ELMekkawy. "Multi-objective optimal design of hybrid renewable 
energy systems using PSO-simulation based approach." Renewable Energy 68 (2014): 67-79.)
